The problem of the dynamic balance has always been a research hot spot. People hope to have faster processing speed, higher precision, more portable test system, to continuously improve the measurement system. This paper discusses the dynamic balancing test system design, including hardware and software two aspects.
I. INTRODUCTION
With the development of society, the mechanical rotor has been throughout all areas of life and production. The rotor balancing problems have been the focus of the researchers. The precise detection of unbalancing problems not only can eliminate the security risks but also bring huge economic benefits.
Dynamic balancing algorithm can be summarized into two major categories: the modal balancing method and the influence coefficient method. The modal balancing method is only studied in theory, because this method is obtained by the analysis of the imbalance, so the field dynamic balance theory cannot be applied in practice. The general expression of influence coefficient method is proposed based on least square method, afterwards, scholars proposed the weighted least squared method. Many researchers have used this method to solve practical problems and to control error in the range of allowable. In this paper, the algorithm of unbalanced signal processing is also based on the weighted least square method. ________________________ To solve the problem of the dynamic balance, this paper applied the weighted least squared method to process the unbalance component and design a set of ARM processor as the core of the system circuit to have the touch screen software operation interface, which can get the good human-computer interaction.
II. ALGORITHM A. Unbalanced Vibration Signal
By the signal theory we can know that any signal can be represented as the form of a sine wave superposition. The superposition of the components includes the DC component, the fundamental component, the harmonic component and the noise component. Therefore, the unbalanced vibration signal is expressed as the following expression through our analysis:
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Et   is as the same frequency as the unbalance components, and the amplitude and phase of the fundamental component is corresponding to the amplitude and phase of the unbalance component. Therefore, we calculate the amplitude E and phase  of the fundamental component in order to extract the amplitude and phase of the imbalance component.
B. Unbalanced Signal Extraction Technique Least Square Method
The principle of least squares is a standard approach in regression analysis to the approximate solution of over determined systems, according to the principle of the minimum error principle, to make the assumption that the error of the measured value and the real value is the least, which is to make the fitting of the relationship between the value of the mathematical expression and the true value is better. In front we have discussed that any signal can be expressed as a superposition of the form of a sinusoidal signal, so we can put the unbalanced vibration signal of the sensor to be synthesized in type (1) form:
According to the error theory, we hope to have the least square of the fitting signal and the original signal is the least, that is:
According to the type (2), we know that we can use the differential in mathematics, and the fitting signal Y to calculate the partial derivative of the variables, and to make the results as 0. As we can see, the amount of computation is large, and needs high requirements for the processor. But according to this method, the proposed algorithm is relatively simple in design of peripheral signal processing circuit. The error of the algorithm can be controlled within the allowable range. For portable field dynamic balancing system, it is very practical.
C. Unbalanced Singnal In Practice
Because the existing dynamic balance measuring instrument is limited by the speed of the rotor, in order to improve the accuracy of measurement, it is necessary to measure repeatedly and calculate the amplitude and phase of unbalance based on the relatively error theory. In order to overcome the above problems, an improved algorithm based on the weighted least squared method is proposed. According to the signal correlation theory, any signal can be expressed as the form of the superposition of sinusoidal signal, but because the measurement algorithm is affected by the rotor speed, so the weight of each component is added to the rotor speed:
In which, i Y , i  is the amplitude and phase of the frequency multiplication signal of the radial vibration of the rotor,  , the number of rational speed is n , then the weight j  can be expressed as follows:
We can see, j  is related to the value of the speed and the number of sampling points, and the value of j  is close to 1. So we have:
2) Extraction of the amplitude and phase of vibration signal We know that, the vibration signal caused by the unbalance of the rotor is composed of the fundamental frequency component and the harmonic component of the sinusoidal signal. The harmonic components of the vibration signal caused by the unbalance of the rotor are relatively small and negligible. Therefore, the four order components of the vibration signal are only obtained, we have:
sin (2 ) sin (2 ) sin (2 ) sin(2 ) ( )
According to the theory of least square error theory, we know, to make the approximation of the signal with the high degree and the original signal fitting, the sum of squares of the difference between the two has to be the least, according to the principle of matrix theory, the parameters of the related position of the type (6), type (7) can be obtained: 1  1  2  2  2   1  3  3  4  4 , , , In which, n is the sampling point of the vibration signal, we can simplify type (6) as follow: Calculate the partial differential of the location parameter, and to make their own partial differential equations is equal to 0.
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III.
SIMULATION
Experimental results: First, we set the speed range of the rotor (600rad/s, 1200rad/s), the speed of each test was 600rad/s, 700rad/s, 800rad/s, 900rad/s, 1000rad/s, 1100rad/s. The rotor rotation frequency is 40Hz, the noise is white noise, the power is 0.03, according to type (3) 
In order to observe the simulation results, here we take the sampling frequency of 5000Hz, to determine the corresponding weights and the corresponding signal simulation, the specific process is as follows:
When the speed of 600rad/s, 700rad/s, 800rad/s, 900rad/s, 1000rad/s, 1100rad/s, the corresponding weights were: The relationship between weight and speed of type (10) and different speed can be used to calculate the amplitude and phase of the corresponding vibration signal, and the corresponding simulation results are shown in Table 3 .1.
From Table 1 , we can see that the error of the amplitude and phase of the simulated signal and the original signal are small at the six different speed, so this method can be used to detect the rotor at different speeds, and the amplitude and phase of the measured unbalance are basically the same at different speeds. 
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IV.
SYSTEM DESIGN
General structure of the system: The dynamic balance test system is a test of the vibration signal caused by the unbalance of the rotor. The vibration signal is changed into electrical signals (such as voltage and current), which can be measured by the sensor, and then through a series of hardware circuits. Finally, extract useful information of the signal, i.e. phase and amplitude.
The general dynamic balance test system is a double side correction of the rotor, that is, detect at the two support points on the installation of sensors, and a photoelectric sensor to test the rotor speed, the system's hardware components, such as figure 7. 
A. Hardware System Design
Vibration analog signal enters from the processor ADC interface for A/D conversion, extracting amplitude and phase of the corresponding digital signal. Touch screen create a good human-computer interaction interface, ARM processor external touch screen allows the operator to set the signal acquisition parameters, and through the touch screen we can observe the corresponding test results, which is the amplitude and phase of the unbalanced signal, through the serial port, USB interface, JTAG interface, we can achieve data transmission, online debugging and information printing.
B. Software System Design
Through the overall analysis of the system function, the software part mainly includes the unbalanced signal acquisition program, the processing program and display program of the test result on the touch screen. According to each of the 445 above procedures to produce a system software design flow chart shown in Figure  9 . 
V. CONCLUSION
In this paper, a general dynamic balancing system is designed for the improvement of the locale dynamic balancing instrument. The system mainly consists of two parts, hardware and software. The hardware and software of the system are accomplished by the analysis of each part of the frame. And through analysis and discussion above the locale dynamic balancing technology and dynamic balance theory, the improved algorithm of weighted least square method is proposed. The algorithm is simulated and the simulation results are analyzed.
MINI2440 development board is selected as ARM processor, production of Linux system running on MINI2440, In the Linux system, the software interface is realized and the results are displayed, using JAVA technology, with the aid of JRE software, the software interface of the unbalanced signal processing in the Linux system can be realized 446
